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G | CHAL - 0984
16 May 1960

MEMORANDUM FOR : Deputy Director (Plans)

SUBJECT : Modified U~2 for Navy Aircraft Carrier Operation

1. Latest LAC document on this subject, 1l August 1957, is attached.
The modifications called for probably should be reviewed with Navy personnel
who have up to date information on carriers.

2. Two kinds of changes are given:
(a) "Must" changes:

(1) stronger main and tail gear
(2) arresting hook
(3) fuel dump mechanism

(b) Extra safety and convenience changes:

51) retracteble pogos
2) JATO

(3) detachable wing tips

(4) 1lending gear built for high sinking speed.

3. The minimum "must" changes add about 230 1lbs. and probaebly would teke
3 - 5 months to modify the first aircraft. The extra safety and convenience
changes could add 500 lbs. depending on extent and involve some small loss of
fuel volume.

4, Carrier qualifications may be troublesome and time consuming. It
would mean extensive training of either present pilots in carrier operations
or carrier qualified pilots in U-2 handling.

5. A quick glance at the map indicates operations from the North Sea,
Mediterranean, Pacific, and Indian oceans could yield coverage of all but the
upper central third of denied area. I am very rusty on Navy carrier operations
in the Arctic but recall it was rather hazardous.
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DESCRIPTION

AIRPLANE
The U-2 1s a single place, jet propelled alrcraft designed

for extremely high altitude, long range operation., The

'aircraftais powered by a single J57-P=31 non-afterburning

engine, which employs an axial flow, twin spool cOmpressor,

Aand a split three stage turbine.: The basic configuration
,'has a pressurized equipment bay for various equipment which

~can be 1nstalled for special missions.“

BASIC DIMFNSIOVS

| Wing area -ff e e i em e e e - 22 - - 600 sq. ft.
"‘Wing Span f'; R T - .- - - - - 80 ft.
Aspect Rptio- R = = = = 10,67
Wing Average Thickness- - = - = - - - - - 7.8%
Fuselage Length - = = = = = o o cac - - =& 49,7 Ft,
GROSS WEIGHTS - : ¥
CONDITION FUEL LOADING GROSS WEIGHT
Full main & empty .
aux, tanks 1035 Ga}n 17,817 Lbs,
-FPull mein & full : .
aux, tanks 1335 Gal, 19,767 Lbs.
Nominal landing weight 200 Gsl. 12,290 Lbs.
CARRIER ADAPTATION ~

The U-2 with the minimum required modifications for
carrier operation is shown in figures 1 and 2, The

minimum modifications would consist of:
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" REINFORCED TAIL LANDING .
GEAR - WITH CABLE DEFLECTOR
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l. Maln gear and attaching structure redesigned for
load factor of 3.6.

2., Tail geér and attaching structure redesigned for
higher load factor. Incorporate a cable deflesctor
to deflect arresting gear cables below tail wheels.

3. Install an arresting hook and associated structure.
Provide for a fairing to streamline the hook installa-
tion., Fairing to be jettisoned by hook when it is |
lowérod. |

4., Provide a fuel dump system to permit dumping fuel

before landing in the event of an aborted mission.

-

The weight increase due to the modifications listed
above would be 227 1lbs.

The design landing'}eight of the modified U-2 1s based
on the Zero Fuel Weight including the original 450 lbs.
of equipment plus the estimated weight of the modifica-
tions and 2OQ gal. of fuel. As stated above provision

1s made for fuel dﬁmping to allow landings under all

N
SN

conditions, O
Wt. Basic Airplane 10,413 1b.”
Modifications for carrier operations 227
Wt. Basic Modified Airplane 10,640 1b.
Equlipment 450
Zero Fuel Wt. 11,090 1b,

200 gal. fuel (200 x 6.5) 1,300
Nominel Landing Wt. ' 12,390 1b,
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Further modificatlions beyond the minimum are possible

and may be desirable for some carrler operations,

These modifications would consist of:

l., Jettison seat for pllot escape thru the canopy.

2. Retractable pogos for use 1in landiné as well as
take-off,

3. JATO installation for very short take-of f ground

runs.

Figure 3 illustrates the U-2 with all of the discussed

modifications incorporated,
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PERFORMANCE

Take off ground roll distances of the modifled U-2 are
summarized in the table below. These distances corres-
pond to the gross welght of 19,767 1bs., which is with

full main and auxilliary tanks.

WIND JATO BOOST | GROUND ROLL
KNOTS LBS. FT.,
0 o) 1030
30 0  sia
30 . 2000 403

The use of two.standard 1000 1b. Jaté units will cause
the U-2 to be climbed very steeply on takeoff because
normal Jato burning time is approximately double the
U-2 time required to break ground. Special bottles

should be tallored to the U-2 rapld acceleration,

The crulse and altitude performance of the modiflied U-2
will be as shown in followling figures. Performesnce data

shown herein i1s based on flight test.
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LANDING CHARACTERISTICS

- THRESHOLD SPEEDS

A curve of threshcld speseds for landing is shown in
Flgure 6 . These speeds are recommended for aell wing
flep settings. With 15° - 25° of wing flaps, the speeds
provide a comfortable stall speed margin of 115% - 118%.
For an emergency landing with wing flaps faired, where
it.is desirable to have a slow but safe threshold speed,
the stall margin 1s 110%,

Airplane stall speeds for various amounts of fuel on
board are also shown in Figure 6 ., The speeds are

shown for 0°, 159, and 25° of wing flaps. Note that

the reduction iIn stall speed is only about two knots
from 15° to 25° flaps. Therefore, a flsp setting of

15° - 25° can be selected for landing with 1ittle change
in touchdown speed, Stsll strips are incorporated on
inboard L.E. to provide staell warning approximately

Z knots sbove stell.

In calculations for'landing gear and arresting hook
loads a combined wind and carrier velocity of 30 knots
is assumed. Thus, the effective landing speed for
structural design of the alrcraft and arresting gear

i1s 50 knots,
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DESIGN SINKING SPEED

The maln landing gear, the tail landing gear and the
fuselage attachment structure shall be ‘modified and
redesigned to sustain a design sinking speed of 10 fps.
This will result in a main gear design load factor of

3.6.

The design sinking speed could be increased to as much
as 15 fps, but this would require an increased strut
stroke s0 as to avoild excessive main gear load factors,
This Increased strut stroke would requlire a mechanism
on the gear to compress the strut when raising 1t into

the wheel well.

This higher sinking speed will not be considered in this
proposal but calculation indicates that a stroke of 15
inches would result in a load factor of 3.5 for the 15

fps. sinking speed.

MAIN GEAR LOAD FACTOR

2
NGenr :}/_[0015;3 Vy +o.33] A\

whers A = assumed strut and tire efficiency

S = total strut deflection

Vy .design sinking speed for ultimate load

So as to fit the redesigned maln gear into the
existing wheel well, the total strut deflection
will remain unchenged. The appropriate values

will then bes

Zﬁ& Tnclndes the effect of 2/2 W wing 11ft per 3.5.1.1.4
of MTT.«A-RAR2Q
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Azo.80 A

5 := 6.5 in,

Vv ? 10 fps
n = 1 1,55 + 0033] z 3.56
GEAR T 5.96 [ 0.54

Ngeag = 3.6 for design

ARRESTING HOOK LOADS =

The arresting hook loads used in this proposal are based
on the use of the MK VII Arresting Engine with a runout

of 186 ft. and a design landing speed of. 50 knots. The

use of carriers with longer runouts of 225 ft. would

produce lower load factors.

The loads for the design of the arresting hook, its
attachment to the fuselage and the fuselage 1tself,

are summarized below for various landing speeds..

- 1.96 X
PD = 13,18 V. + 0,169 VLZ /2] W (MK VII)
W ’ R/..?Z

= deslign landing speed in: knots

=
o g
[¢]
iz}
¢}
<
~
i

=
'

= deslgn landing weight (12,390 1bs.)

2y
]

= runout distance (186 ft. for MK VII)

Ve e A nx A

50 knots 22,800 1lbs, 1,84 (Design valus)
60 35,000 2,66
70 45,100 3.65
80 €0, 000 4,84

[ﬁ& Metering pin 1n oriflice; tire energy absorption negligible,

Z?\ MM +4dmat+ra ThroAa
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MODIFICATIONS REQUIRED

LANDING GEAR MODIFICATIONS

The new design criteris for the landing gear 1s tabulated

on the following pages.

The main and tail landing gear will require substantisl .
structural beef-up to carfy the increased loads. This
will consist of redesigning the present structure so as
to provide 1lncreased cross-sectional area and bending
stiffness, However, the present geometry may be main-

tained,

New tires will be required but the present brakes will
be maintalned since carrlier operation does not increase

the braking requirements,

The followlng table is a comparlson between the conditioﬁs
which were used originally to design the lsnding gear and
its attachment to the fuselage and the modified conditions
for the conversion of the alrcraft to carrier operations.
The only ones which were modified are those which cannot

be directly controlled; i1.e. conditions involving the
8inking speed of the aircraft on a moving deck. Conditions
which are in the realm of control, such as taxi, remain

unchanged.

Approved For Release 2008/12/11 : CIA-RDP74B00752R000100350001-7
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CONDITION LOADING U=-2 Mod, U=2
Drift Landing | Sinking Speed (fps) 5 10
1 Vertical Load Same for both
~ Side Load Maln " noon
Side Load Tail " non
Sinking Speed (fps) 5 10
Spin Up Landing Speed (knots) 77 50
& Vertical Load Same for both
Spring Back Drag Losad " oo
Static ‘Same for both.i
Braked Roll Same for both i
Pivoting Same for bot:hziS
Teaxi Same for bothzﬁS
Grnd Run-Up Same

for bOchi&

FUSELAGE MODIFICATIONS

The fuselage will require only minimum modification

since the loads due to landing are less severe than

the flight gust loads which design the forebody,

center section and aft body.

ultimate verticsl gear load factor

A comparison of the

of 3.6 based on

2 10 fps sinking speed with the ultimate gust load

factor of 6,0 verifies this,

Zﬁﬁ Some minor changes will occur due to new tires.

Approved For Release 2008/12/11 : CIA-RDP74B00752R000100350001-7
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However, some modification is required to react the
increased geaf loads into the existing fuselage shell
and to attach 'the arresting gear and associsted equip-
ment onto the exterior of the aircraft. Reference to
the proposal layout on Figs. 7 and 8_ will show the

area of modification and its approximate character.

Essentlally, the F, Stas. 365 and 342 Bulkheads will be
strengthéned to carry the increased main landing gear

loads as will the bulkheads that react the tail gear,

Aiqo, the keselson carrying the tail gear loads will be
extended and streﬁgthened. The arrestihg‘hook and
assoclated gear will be attached to the lower longeron

through external angles and a doubler.
A tall wheel cable deflector will also be, added.

WING MODIFICATIONS

Provision for in-flight fuel dumping will be made in the
lower surface of each wing at approximately W. Sta. 165
through the mechanism illustrated in the proposal layout,

Flg. 7 .

WEIGHT INCREASE DUE TO MODIFICATIONS

Tabulated below is a btreak down of the welght increases
resulting from the modifications described on the pre=-
vious pages. They represent estimates based on design

studles of the new configuration,
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ITEM

Mein Gear

Tall Gear

Fuselage Attaph. of Main Gear
Fuselage Attach., of Tall Gear
Arresting Hook & Rglated Structure
Cockpit Provisions & Wiring

Tail Wheel Cable Skid

/
Wing Fuel Dump Provisions
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WEIGHT INCREASE

70 Lbs.
20
25
10
85
5
2
_1o

227 Lbs.
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an oleo etrut would\be better then the spring leaf tipe~&
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MODIFICATIONS POSSIBLE

JETTISON SEAT

A Jettison Seat for the U-2 would consist of an adapta-
tion of the seat presently used in the T2V. This seat
uses 8 side mounted eJector and file drawer type rails
15 order to provide maximum pilot clearence during the

ejection operation as shown in figure 9 ,

The trajectory of pilot eJection 1s shown in figure 10,
Note that the actual free ejection velocity with the P
M1Al catapult of S5 fps has been dereted to account for

_ friction ‘and unlocking forces.
The jettison seat installation will cost 80 lbs,

RETRACTABLE POGOS

~1r pOgos are desired for landing as well 8s take-off
they could be made retractable.' Such'an inetallation’

- 1s ehown in rigure 11, Note that under these condioione

now used, A cable deflector must be provided ae'on‘ohe_

tail wheel. _' o o | ‘ R f%ﬁ“

The retractable Pogos would hinge between the beams at
45% and 65% chord. Features of the unit will be a |
cable deflector on a larger wheel and an oleo shock
strut.' This installation will involve the loss of a
total of 25 gal. of fuel and an estimated net welight

decrease of 100 lbs,
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The preceeding Pogo changes will cost an estimated 40

miles of range.

JATO INSTALLATION

The installation of JATO units may be desirable altho
the present take-off ground run is very short. A compari-
son of take-off performance with end without JATO units
1s 1llustrated in the following table. |
i JATO PERFORMANCE

GROSS' WT, 19767 1lbs.
30 KNOT HEADWIND.

JATO BOOST —GROUND RO

LBS. FT.
0’ h 514

- 2000 L R 403
Ci““ ‘4000 . | ., 386

This 1ndicates that’ two lSKS-lOOO JATO units may be:~
desirable. The use of more than two JATO units do not .

'appear necessary.’

\
:

. The location and Jet conditions ror two JATO units is

shown on figures 7 and 8

Approved For Release 2008/12/11 : CIA-RDP74B00752R000100350001-7



| ' - '.l'he use of detacha.ble or folding wings for U-:e carrier oparation :
R 1eads to oonsidering detachahle outer wing pe.nela. These detachable o
- - outer ving panels permit shortening the Us2 overall span by 30 feet = . -
) | | for atorage vith a minimm expenditure of struotural weight or loss

an a.dditicn of 8 pounds .‘m weigrt a.nd a 1oaa of 7 ga]lonalof tuel
Ihe ns;é‘“of _thase panele 18 ahoun :I.n Figures 12 and 13.

3
R A
. i?‘f?,f‘.‘},g

MR
TR R
S

aileron control oablea. ‘rheaa are to be epr!.ng 1oadod for eaee of

locking. Wiggina qu:lck diaoonnecta are used in the lead:l.ng edge o
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N : provide fuel and alr éomieeﬁ_dha. The left wing oniy will have an

’ ' eleati-ical discormeet for the alleron tab cperatitm. o : : '_ .

o - The structural provisionsa.reshomihmdetailinngnres 14,
15, 16°and 17. The above structural, plumbing and control provieions
vill weligh 53.5 pounds. As stated above, this is moatly offeet by |

the small loss of fuel in the Joint area,
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HIGH SINK RATES |

v

The U« can be desigxed to ta.ke higher sink rates by the expedient
'of deeigning for higher load factore and la.rger etmke shock atrute.

‘ of 18 mches which is mechanically feasible to deaign in‘bo t.he U-:Z.

The problem here is to limit the might incmeaae and still provide

for reasonably high sink rates. 'Figure 18 indicates the whole range
of sink rates and as such permits Juggling the requirements to fit
the U-2 tactics. It seems reasonable, considering the low wing
loading and slow landing speeds of the U-2, to design to a slightly
lower sink rate than that required for fighter types.

The present U-2 landing gear, designed for 6.0 feet per second
_rat.e bas been giving excellent operet.ion&l service indieating that
~this sink rate is correct for alrport operations. Thus, if a rather

{
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large deck pitch rate of 10 feet per second is assumed, then the
totalsinkrataimposedontheU-2wouldb915tol6feetper
second, 'rhe result of deeigning to the criteria of 15 feet per

second sink rate can be seen} on Figure 18 ‘bo msult in a.dditicml

This would, therei‘ore ’ limit the ultimate desigu sink rafe to 12,5 fps,

Redesign of the ma.i.n landing gear, tail landing gear, fuselage attache
ment and support structure would be involved,

The addition of a shrinking mechanism to the main landing gear, to
compress the strut when raising it into the wheel well to allow
utilizing the maximum possible strut stroke, would permit higher sink
rates as illustrated below,

Sink Pate Stroke gegr 220 £ES to""”‘“c,c, |
20,8 | 16 inches 5495 6462
; - 17 L s& 6,27 ‘
: | 18 - 5034 6,01 o
i | 19 4, 5,07 5.7, ;

20 L.&2 & 10
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‘The two sets of data tabulated above are illustrated in Figures 19
and 20, ’The:' 191;(1 factors for the gear and the C.G.. are calcuwlated
‘An’accordance with the mil spee. = - |
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